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Abstract:		 The nature, duration and intensity of Late Glacial and Holocene aeolian sand and soil formation is established for two dune profiles 
from the Pomeranian outwash plain using a multidisciplinary approach (sedimentology, pedology, palynology, geochronology). 
During the Late Glacial period, coversands accumulated as thin sheets on plateau areas of the outwash plain, interrupted by the 
formation of the Finow soil. The spreading of dense vegetation cover during the Early Holocene resulted in stabilisation of the 
landscape surface and subsequent soil formation. After intensive medieval deforestation, surface destabilisation caused partial re-
working of the coversands, resulting in the formation of dunes and a hummocky topography. One of the dunes investigated formed 
entirely within the Late Subatlantic. This study highlights the spatial and temporal variability of aeolian activity in areas where 
suitable grain sizes were made available during different periods after deglaciation. 
[Spätglaziale und holozäne Flugsande und bodenbildungen aus dem Pommerschen Sandergebiet (Mecklenburg, NE-
Deutschland)]
Kurzfassung:		 Anhand von zwei Dünenprofilen wird die Art, Dauer und Intensität von spätglazialen und holozänen Flugsand- und Bodenbil-
dungen innerhalb des Pommerschen Sandergebietes dargestellt. Hierfür wurde ein interdisziplinärer Ansatz aus Sedimentolo-
gie, Pedologie, Palynologie und Geochronologie verwendet. Während des Spätglazials kommen auf den Sanderhochflächen flache 
Flugsanddecken zur Ablagerung, unterbrochen durch die Bildung des Finowbodens. Durch die Ausbreitung einer geschlossenen 
Vegetationsdecke im Frühholozän, erfolgt eine Stabilisierung der Reliefoberfläche mit anschließender Bodenbildung. Nach inten-
siven mittelalterlichen Rodungen werden die Oberflächen erneut destabilisiert. Es kommt zur partiellen Aufarbeitung der Flug-
sande resultierend in Dünenbildungen und einem kuppigen Relief. Eine der untersuchten Dünen wurde dabei komplett im späten 
Subatlantikum gebildet. Diese Studie unterstreicht die zeitlich-räumliche Variabilität äolischer Aktivität, wobei Umlagerungen 
entsprechender Korngrößen während verschiedener Phasen nach der Deglaziation ermöglicht wurden.
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(18.4 ka BP) and the Pomeranian Phase (15.2 ka BP, Marks 
2002). Despite its overall southern slope, the outwash plain 
offers a differentiated geomorphology, comprising older till 
areas, numerous kettle holes and meltwater channels. The 
latter depressions, which reflect glaciofluvial sedimentation 
between and over melting dead ice during Weichselian de-
glaciation (Nitz 1984), were subsequently filled with lakes 
and fens. Areas of dunes and aeolian coversands supplement 
the geomorphic inventory. The profiles investigated here 
(BF-1 and ZW-1) are part of dune complexes which are situ-
ated south of the village Blankenförde (Fig. 1), and are built 
up of widespread coversands and dune bodies with a hum-
mocky morphology (Küster et al. 2008). 
3  Methods
Fieldwork consisted of digging the pits manually, cleaning 
the faces and describing soil and sediment properties follow-
ing the guidelines of the Ad-hoc-AG Boden ( KA 5, 2005). 
Colours were determined according to MUNSELL-COLOR-
CHART. The content of organic material was measured by 
loss on ignition (LOI) at 550 °C for 2 hours. The soil pH was 
determined in 0.01 M CaCl2. The grain size distribution of 
1  Introduction
Throughout the European sand belt fossil soils of different 
age provide evidence of surface stability, while aeolian de-
posits mirror phases of morphodynamic activity (Schirmer 
1999a). Comprehensive stratigraphic investigations in the 
adjacent areas of northern Brandenburg, Schleswig-Holstein 
and Poland resulted in a conceptional model for the timing 
of aeolian phases in northern Central Europe (Manikowska 
1991; Teschner-Steinhardt & Müller 1994; Bussemer et 
al. 1998; Müller 1999, 2000; Mauz et al. 2005, Hilgers 2007). 
Previous studies in Mecklenburg-Vorpommern have largely 
focussed on the coastal region (Janke 1971; Kliewe & Janke 
1978; Kaiser et al. 2006), and investigations from the inland 
are rare (e.g., Dieckmann & Kaiser 1998). This paper con-
tributes to filling this gap by presenting new results on the 
chronology of aeolian processes and soil formation within 
the Pomeranian outwash plain.   
2  Study area
The study area is situated on the Pomeranian outwash plain, 
between the ice-marginal zones of the Frankfurt Phase 
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the fraction ≤ 2 mm was determined by a combined sieve 
and sedimentation procedure (Köhn 1928). Element con-
centrations (sample + LiBo2 (2 g) + Li2Bo4O7 (1,9320 g)) were 
measured using a Phillipps PW 2404 RFA-spectrometer. 
Weathering indices were calculated based on the element 
molar-ratios (Ruxton 1968; Kronberg & Nesbitt 1981; 
Harnois 1988). Pollen samples were separated by acetolyses 
(Beug 2004) and non-aboreal pollen (NAP) were related to 
the amount of 100 tree pollen. A radiocarbon sample (Erl-
12081) was determined by the AMS-laboratory Erlangen us-
ing charcoal and calibrated using CALIB 5.0 (Stuiver et al. 
2005). Ages are given as years before present (1000 a = 1 ka) 
and are correlated with the chronology recently summarised 
by Litt et al. (2007).
Optically stimulated luminescence (OSL) dating of quartz 
(150–200 μm) was carried out using a modified Single Al-
iquot Regenerative Dose (SAR) protocol (Murray & Win-
tle, 2000). A preheat temperature of 230°C for 10 s prior to 
all OSL measurements was identified as appropriate from 
the results of SAR performance testes. Equivalent dose and 
standard error were calculated from the mean of replicate 
measurements (no indication for partial bleaching or post-
depositional mixing). The concentration of dose rate relevant 
elements was determined by high-resolution low-level gam-
ma spectrometry (Tab. 1). Sampling depth (for cosmic dose 
rate) and present sediment moisture have been used for dose 
rate calculation.
 
4  Results
Profile	BF-1
This profile has been divided into three units that will be de-
scribed in stratigraphical order (Fig. 2).
Unit	I
The basal part of the section consists of non-stratified sands. 
The grain size distribution reveals a homogenous sediment 
unit of fine and medium sand with very sporadic fine gravel. 
The top of Unit I is made up of a brownish, root penetrated 
soil horizon (2Bwb) of fine and medium sand, with a high-
er amount of gravel, silt and clay than the underlying sedi-
ments. Prominent pebbles at its base show traces of aeolian 
polishing. Because of the stratigraphical position and the 
lithology this sediment is classified as “Geschiebedecksand” 
(GDS) following German terminology (Berendt 1863). To-
gether with the non-stratified sands below, this unit is inter-
preted as a periglacial cover bed (Lemke 1972). As typically 
for most other parts of NE-Germany, the GDS coincides with 
a brownish soil horizon (Kopp 1969, Kopp 1970; Bussemer 
2005). Because of missing stratified basal sediments a per-
iglacial cover bed with perstruction zones is not documented 
(Kopp et al. 1969; Kopp & Jäger 1972). The weathering indi-
ces highlight the brownish soil horizont as the main weath-
ering zone (Tab. 2). OSL-dating (MN 584) of this horizon 
yields an age of 15.5 ± 1.0 ka.
Unit	II
The middle unit of the dune profile is made up of homog-
enous sands, dominated by medium and fine sands. With 
decreasing depth a decrease of the fine sand fraction is ob-
served, while the fractions of medium sand, silt and clay in-
crease. A fossil Cambisol (IUSS Working Group WRB 2006) 
separates Unit I from Unit II. The organic content (LOI) is 
prominent in the buried humic horizon (Apb), but less domi-
nant than for the modern humic horizon (Unit III), due to 
the advanced mineralisation. The Bwb-horizon, comprising 
diffusely distributed charcoal fragments, shows a lower LOI 
value. The weathering indices characterise the brownish ho-
rizon as the second main weathering zone within the profile. 
Because of its facies character Unit II is classified as aeolian 
Sample	 K	 Th	 U	 W	 Depth	 D	 DE	 OSL	age
 [%] [ppm] [ppm] [%] [m] [Gy ka-1] [Gy] [ka]
        
MN582 0.88 ± 0.02 2.13 ± 0.13 0.59 ± 0.02 4 ± 1 1.70 1.25 ± 0.05 17.3 ± 0.9 13.8 ± 0.9
MN583 0.88 ± 0.02 2.32 ± 0.06 0.65 ± 0.01 4 ± 1 1.75 1.28 ± 0.05 17.3 ± 0.6 13.5 ± 0.7
MN584 0.93 ± 0.02 7.56 ± 0.17 1.30 ± 0.03 8 ± 1 1.80 1.76 ± 0.07 27.3 ± 1.4 15.5 ± 1.0
Table 1: Summary data of OSL dating with concentration of dose rate relevant elements (K, Th, U), sediment water content, resulting dose rate, equivalent 
dose (DE) and OSL age.
Tab 1: Zusammenfassung der OSL-Datierungen mit Konzentration der für die Dosisleistung relevanten Elemente (K, Th, U), Sediment-Wassergehalt, 
resultierende Dosisleistung (DE) und OSL-Alter.
Fig. 1: Location of the study area in northeast Germany.
Abb. 1: Lage des Untersuchungsgebietes in Nordostdeutschland.
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coversand (Schirmer 1999b). Two samples obtained from the 
base of this unit yield OSL ages of 13.8 ± 0.9 ka (MN 582) 
and 13.5 ± 0.7 ka (MN 583), respectively. Pollen samples from 
the fossil humic horizon (Apb) indicate an open, deforestated 
landscape, reflected by a high proportion of non-tree-pollen, 
such as Artemisia, Calluna vulgaris and Plantago lanceolata 
(Fig. 3). The abundence of species such as Secale and Scleran-
thus implies intensive agricultural use in the surroundings, 
palynologically dating the horizon to the Late Subatlantic 
(Xb, Firbas 1949). 
Unit	III
The grain size distribution of Unit III is dominated by me-
dium sand and subordinate fine sand. With decreasing depth 
an increase in silt and clay is recognised, like in the un-
derlying complex. The partly observed horizontal, slightly 
inclined bedding indicates sediment accumulation as low-
angle aeolian deposits (Fryberger et al. 1979). Despite the 
relatively low maximum thickness of 1.8 m, the sand unit 
creates an intensive hummocky topography, a feature re-
gionally known as “Kuppendüne” (Pyritz 1972). 
The upper part of Unit III is characterized by a podzolized 
Arenosol (IUSS Working Group WRB 2006) or a Podsol-Re-
gosol (Ad-hoc-AG Boden 2005). Despite the weak develop-
ment of the soil, the advanced differentiation into an eluvial 
and an illuvial horizon, reflected in both colour and loss on 
ignition values, indicate a final state of a transformation to a 
podzol (Lundström et al. 2000; Behrendt et al. 2002). Pollen 
analyses of the O-horizon suggests a closed forest vegetation 
during the time of soil formation. Based on the rapid de-
crease of non-tree-pollen compared to the Apb horizon and 
Fig. 2: Cross-section through a sequence of aeolian sands of the plateau areas and pedological parameters of profile BF-1 (modified from Küster et al. 2008).
Abb. 2: Profilschnitt durch eine Flugsandsequenz der Hochflächen und pedologische Parameter des Profils BF-1 (verändert nach Küster et al. 2008).
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Horizon	 SiO2	 Al2O3	 Fe2O3	 MnO	 MgO	 CaO	 Na2O	 K2O	 P2O5	 TiO2	 Ruxton	(1968)	 Kronberg	&	Nesbitt	(1981)	 Harnois	(1988)
 [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] SiO2/Al2O3 Ordinate Abscissa CIW
A/E 91.89 2.34 0.47 0.01 0.06 0.21 0.43 0.93 0.02 0.23 66.61 0.47 0.99 68.12
CBsh 89.60 2.43 0.64 0.01 0.08 0.21 0.43 0.94 0.05 0.23 62.55 0.47 0.98 68.83
C 92.66 2.70 0.70 0.02 0.10 0.25 0.50 0.98 0.05 0.31 58.34 0.46 0.98 67.92
Apb 92.56 2.74 0.56 0.02 0.09 0.22 0.57 0.99 0.06 0.19 57.37 0.47 0.98 67.30
Bwb 92.24 3.07 0.58 0.01 0.09 0.22 0.49 1.02 0.06 0.19 51.01 0.43 0.98 72.03
C 91.79 2.89 0.65 0.02 0.11 0.27 0.55 1.07 0.05 0.21 53.81 0.47 0.98 67.49
2Bwb 89.43 4.31 0.85 0.02 0.14 0.26 0.51 1.16 0.06 0.28 35.21 0.37 0.97 76.70
3C 92.85 2.86 0.65 0.02 0.11 0.25 0.48 1.09 0.02 0.20 55.14 0.46 0.98 69.55
Table 2: Major element analysis and chemical weathering indices of profile BF-1 (soil horizons according to IUSS Working Group WRB 2006).
Tab. 2: Hauptelementanalyse und chemische Verwitterungsindizes des Profils BF-1 (Bodenhorizonte nach IUSS Working Group WRB 2006).
the dominance of Pinus sylvestris, it can reasonably be as-
sumed that a vegetation cover established during the Young-
est Subatlantic (Xc, Firbas 1949).
Profile	ZW-1
Alongside the western margin of a peat filled depression 
a linear dune was investigated, comprising profile ZW-1 
(Fig. 4). The basal part shows a fossil Cambisol (IUSS Work-
ing Group WRB 2006). High LOI values and a widespread 
occurrence of charcoal indicate an intensive anthropogenic 
impact. The exceptionally thick fossil humic horizon can be 
separated into three parts (Apb). Each part reflects a sepa-
rate phase of aeolian sedimentation and, due to agricultural 
use (ploughing), ends on a sharp upper limit to aeolian sand 
which are free of humus. A charcoal sample at the bottom of 
the humic horizon reveals a radiocarbon age of 815±44 14C yr 
BP (1154–1280 AD, 97,4 %-2σ calibrated, Stuiver et al. 2005) 
and provides a maximum age for the onset of aeolian activ-
ity. It can thus be concluded that the entire dune was formed 
during the Late Subatlantic, representing a “Holocene dune” 
(Dulias 1999). At the top a weakly podzolized Arenosol 
(IUSS Working Group WRB 2006) represents the result of 
modern soil formation. 
5  Discussion
Deposition of glaciofluvial sands in the area terminated dur-
ing the Late Pleniglacial, prior 15 ka ago, as indicated by the 
OSL date for the basal part of the sections. The following 
Late Glacial period is set between the Mecklenburg Phase 
and the middle Preboreal (Kliewe 2004). The periglacial cov-
er bed of profile BF-1 (Unit I) provides evidence of intensive 
cryogenic, postsedimentary modification of the plateau-sites. 
The genesis of the “Geschiebedecksand” (GDS) as the central 
element of periglacial cover beds has been discussed in de-
tail, and the relevant key elements are discussed below. On 
sandy slopes within the Weichselian periglacial belt solifluc-
tion, nival runoff, concurrent winnowing of fines (abluation 
sensu Liedtke (1990)) and aeolian processes are the main 
processes involved in its formation (Bussemer et al. 1993). 
For the plateau sites Kopp (1969), Kopp (1970), Kopp & Jäger 
Fig. 3: Selected pollen data from humic horizons of profile BF-1. / Abb. 3: Ausgewählte Pollendaten aus Humushorizonten des Profils BF-1.
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(1972) and Kopp & Kowalkowski (1990) favour cryogenic 
destratification as the main formation process for the GDS. 
These authors describe this process as a post- or synsedimen-
tary – in situ – modification of the sediment matrix under 
periglacial conditions. The gravel-bed at its base with venti-
facts represents a desert pavement indicating deflation and 
is a prevalent phenomenon in glacial landscapes of NE-Ger-
many (Lemke 1972). In terms of genetic processes, the “Beu-
ningen Gravel Bed” (BGB), which is widespread in western 
Europe and forms an important marker horizon in the Late 
Weichselian coversand stratigraphy (Vandenberghe 1985, 
Kasse 2002), might be a close correlative to the clast pave-
ments observed here. While Kolstrup (1980) suggests a two-
phase development for the BGB with a fluvial phase causing 
deposition of coarse sand and gravel followed by a deflation 
phase, Kasse et al. (2007) consider a synsedimentary fluvio-
aeolian regime. The formation of the BGB has been dated to 
the Late Pleniglacial (c.14–18 ka, Kasse et al. 2007).
The non-stratified glaciofluvial sands at Blankenförde 
suggest a relative enrichment of gravel on the surface due to 
frost heave under permafrost conditions after glaciofluvial 
sedimentation, thereby destroying former glaciofluvial sedi-
ment structures (French 2007). This phase was most likely 
followed by an aeolian phase causing deflation of fine mate-
rials and modification of gravel to ventifacts (Fig. 5).
For the final formation of the GDS Bussemer (2002) as-
sumes processes including sedimentation and cryogenic des-
tratification of sediments. At this juncture the (coarse) silt 
content of the GDS gives evidence of aeolian sedimentation, 
typical within regions of sandy plains (Altermann 1970). 
Therefore the charakter of the GDS as a parautochthonous 
facies can be stressed (Bussemer 2002). OSL dating (MN 584) 
of the GDS sediments indicates a Late Pleniglacial to Late 
Glacial age.
Within the GDS a weakly developed Cambisol was iden-
tified, which is parallelised with the Finow soil, which has 
widespread occurrence in Brandenburg (Germany) (Schlaak 
1993, 1998, 1999, Bussemer et al. 1998). Occurences of this 
palaeosol were reported from Poland and Mecklenburg-
Vorpommern (Kowalkowski et al. 1999; Lorenz et al. 2002; 
Kaiser 2003, Kaiser et al. 2009). For the Netherlands, NW-
Germany, the Altdarss area of Mecklenburg-Vorpommern 
(southern Baltic coast) and central Poland a stratigraphical-
ly identical but pedologically different soil was found, the 
Usselo soil (Hijszeler 1957; Dücker & Maarleveld 1957; 
Kasse 1999; Kaiser & Clausen 2005; Kaiser et al. 2006). It is 
classified as a weakly podzolized Arenosol (IUSS Working 
Group WRB 2006) or a weakly podzolized Regosol (Ad-hoc-
AG Boden 2005). There is no sufficient explanation for the 
apparent provenances of both palaeosols so far. A compila-
tion of 63 ages from Usselo and Finow soils in northern Cen-
tral Europe reveals a substantial time range for soil forma-
tion between the Older Dryas and the Younger Dryas, with 
single outliers in the Preboreal (Kaiser et al. 2009). Hence, 
formation of these palaeosols can based on geochronologi-
cal data not securely be correlated to the Allerød, as often 
assumed, and it is more appropriate to interpret these soils 
as being of Late Glacial age (Kaiser et al. 2009). The two 
consistent OSL ages (MN 582 and MN 583) of the overlying 
Unit II of Profil BF-1 indicate that the Finow soil at Blank-
enförde was fossilized at least ~13.5 ka ago by Late Glacial 
aeolian activity.
Palynological records from Lake Müritz provide evidence 
of an increasing vegetation cover within the Mecklenburg 
Fig. 4: Cross-section through a Holocene dune and pedology of profile ZW-1 (soil horizons according to IUSS Working Group WRB 2006).
Abb. 4: Profilschnitt durch eine holozäne Düne und Pedologie des Profils ZW-1 (Bodenhorizonte nach IUSS Working Group WRB 2006).
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Lake District during the Preboreal (Lampe et al. 2009), im-
plying successive stabilisation of the surface at Blankenförde 
after Late Glacial sediment translocation, i.e. since the Early 
Holocene. Therefore the increasing silt content within Unit 
II (and Unit III, profile BF-1) is interpreted as reflecting a 
decrease in wind strength due to a closing vegetation cover 
(Dücker & Maarleveld 1957). The fossil Cambisol at the 
top of Unit II reflects a subsequent surface stability (Roh-
denburg 1970) enabling soil formation within Late Glacial 
aeolian substrate. Because of its minor thickness compared 
to undisturbed Cambisols, a phase of soil erosion of un-
known age, prior to the formation of the buried humic ho-
rizon (Apb), is assmued. The absolute values of weathering 
indices document a lower weathering intensity compared to 
the time of Late Glacial palaeosol formation, possibly due to 
higher Late Glacial climate variability or/and a higher ini-
tial degree of weathering of the blown-out parent material. 
Biogenic mixing during soil formation is well documented 
by the absence of sedimentary structures, diffusely distrib-
uted charcoal fragments and a slightly lower content of or-
ganic matter of the Bwb-horizon compared to the humic 
horizon (Apb) above (Andersen 1979; Helbig et al. 2002). 
However a syndepositional character of the charcoal could 
also be assumed. Pollen analysis of the fossil humic horizon 
reveals a partly open landscape, indicating intensive defor-
estation during medieval times, reflecting the maximum age 
of the aeolian sands on top (Lüders 1961). Most likely, Late 
Holocene human landscape disturbance led to an interrup-
tion of soil formation, causing sediment translocations in the 
sense of soil erosion (Bork 1988). Late Glacial coversands 
were reworked resulting in the formation of new dunes.The 
facies of these Young Holocene aeolian sands can be classi-
fied as drift sands (Castel et al. 1989; Castel 1991; Koster 
et al. 1993), and the onset of this youngest aeolian phase can 
be placed into the 13th century (profile ZW-1). Within profile 
BF-1 the increasing content of medium sand, with a con-
current decrease in the content of fine sand, provides evi-
dence of the selective effect of successive deflation processes: 
coarse grain sizes are relatively enriched, whereas fine grains 
are depleted (Goossens & Gross 2002). This was followed by 
Late Holocene soil formation, which can be classified in the 
study area as a weakly podzolized Arenosol (IUSS Working 
Group WRB 2006). For the maritime influenced Denmark 
Stützer (1998) concludes a rate of podzolization within aeo-
lian sands of 1 cm per decade. Taking the thickness of the 
podzolic horizons of soil formation into account, a remark-
ably lower rate is recorded in the study area, probably due to 
its more subcontinental character.
6  Conclusions
The “Geschiebedecksand” (GDS) on sandy plateau sites as a 
stratigraphic marker in NE-Germany is of periglacial ori-
gin due to frost heave, deflation, aeolian sedimentation and 
finally destratification. The timing oft its formation seems 
comparable with the Beuningen Gravel Bed in western Eu-
rope. The Late Glacial Finow soil developed in GDS and was 
buried by Late Glacial coversands about 13.5 ka ago. After-
wards, a long phase of surface stablility lasted until the Late 
Holocene. Pollen analyses of humic horizons give evidence 
of intensive human impact (mainly deforestation) during the 
Medieval, causing soil erosion and reshaping of the mor-
phology at the plain sites. A phase of dune sand accumula-
tion post dating the 13th century provides evidence of strong 
human impact at around this time.
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